Specific heats that are believed to be accurate in general to within ± 2 percent are re ported tor four alloys: from 00 to 900 0 C for 80 Ni-20 Cr and two stainless steels (type 347, containing 18 percent of chron'lium, 11 percent of nickel, an d 1 percent of niobium, and type 446, containing 26 p ercen t of chromium); a nd from 00 to 300 0 C for Monel, containing 67 percent of nickel and 30 p ercent of cappel'. These values were calculated from enthalpies measured with a drop method and a precision Bunsen ice calorimeter. The relatively small amounts of heat lost b y the alloys a s they dropped from t he furnace t o the calorim.eter were estimated and corrections were applied therefor. Disco nt inuities in specific heat were found onl.v in t he case of 80 Ni-20 Cr anrl the stainless steel type 446. I Figures in brackets indicate the literature references at the end of this papcr.
Introduction
During th e past several years the speeific h eats of a large number of substances have been measured precisely between 0° and 900° 0 at the National Bureau of Standards. In each case this involved measurements not only with the sample in a suitable container, bu t also with the empty container as well , in order to determine by difference the net effect of the sample alone. Each such container consisted of a thin-walled cylinder, % in. in diameter, and was usually composed of one of four alloys: 80 Ni-20 Or, Monel, or stainless steel type 347 or 446 (Am. Iron & Steel Inst. designation). These alloys have numerous uses because of their l'claLively high resistance to corrosion, but apparently few measurements of t heir specific heats at eleva ted temperatures have been reported.
In the experiments recorded in this paper, the specimens used were themselves empty containers of the type previously used for measurements on other materials, such as aluminum oxide. The accuracy is somewhat less than in the earlier work because there is no cancellation of the small h eat losses resulting from subtraction of blank measurem ents with an empty container. In addition, the following two factors should b e pointed out, wbich, in the present case, somewhat limit the accuracy with which such m easurements on only a few specimens can be applied to all specimens of the same general alloy: (a) As these four alloys are relatively hard materials, the previous thermal and mechanical history of a given specimen may sometimes cause it to exist in some less stable state that possesses a somewhat different specific h eat; (b) a single name is often applied to a group of alloys whose chemical compositions, although nearly the same, are not exactly so. Fortunately, the specific h eats of the main constituent elements of these four alloys are not very different, thus tending to reduce any error from this source. In fact, only in the temperature region of a transition or where two phases coexist does it seem likely that these factors may lead to serious lack of reproducibili ty in specific heat. 15 
. Experimental Procedure
Very detailed descriptions and evaluations of the method and apparatus used for m easuring the enthalpy are contained in two papers [1] 1 and in a later paper [2] , describing the modified form of apparatus used in th e present work. In brief, the method consisted of heating the specimen in a furnace to each of several known temperatures and then dropping it into an ice calorimeter, by means of which the heat evolved in cooling the specimen to 0° 0 was measured. The specimen container (which was the actual specimen in the present work) was suspended in the furnace and calorimeter by a No. 32 wire of 80 Ni-20 01'. This container and wire were connected by a short platinumrhodium wire to which were attached two thiu platinum disks that also entered the calorimeter. These disks greatly reduced upward loss of heat from the specimen. The h elium inside tb e container, as well as a gold gasket in the case of 80 Ni-20 Or, also entered the calorimeter during the drop. H elium was continuously passed through the cores of the calorimeter and the furnace , in order to reduce oxidation of the sample and to hasten the attainment of thermal equilibrium . The temperature of the furnace was kept constant during each run to within ± 0.01 deg for a sufficient length of time to allow th e sample to attain the same temperature. The temperatures were measured up to 600° 0 with a platinum resistance thermometer and above 600° 0 with a platinum-platinum-rhodium thermocouple, both of which had been calibrated in terms of the International Temperature Scale of 1948. The calibration factor of the ice calorimeter, which was based on numerous earlier electrical determinations at the Bureau, was taken to be 64.646 calories per gram of m ercury-(1 cal= 4 .1840 absolute joules).
Because, as mentioned above, these alloys were not themselves in containers, it was necessary to estimate and apply two small but appreciable conections to each heat measurement, namely , for (a) the heat lost during the drop through the region between the fUI'llace and the calorimeter, and (b) the heat delivered by the irrelevant parts of the system dropping into the calorimeter. The value used for the first correction was the mean of the calculated and observed values previously discllssed [2] . The four alloys used were of commercial grade. In those cases where measurements were made with several specimens of the same alloy, the specimens were taken from adjacent parts of the same sample of rod or tubing. Except in the case of the Monel, which was stated to be in cold -drawn condition, they were heated to above 1,000° C and allowed to cool in ail' before beginning measurements of their enthalpy. Each specimen had a mass between 8 and 17 g, and carried with it into the calorimeter 0.3 to 0.5 g of platinum metals. The 80 Ni-20 Cr was accompanied also by 0.3 to 0.6 g of gold, and the other three alloys, by about 0.1 g of 80 Ni-20 Cr. In the course of the measurements, all the alloys except the IVIonel acquired oxide coatings in varying amounts up to a few hundredths of a gram. The thermal contributions of the small amounts of these irrelevant materials, which constitute correction (b) of the preceding paragraph, were estimated from specific-heat data in the literature and were corrected for by deduction from the results found.
A separate specimen of each alloy, taken from the same sample as those used in the thermal measurements, was analyzed chemically. The resulting compositions are given in table 1, and fall within the ranges of nominal composition for alloys of these designations [3] .
. Results
The enthalpy measurements were on two specimens of 80 Ni-20 Cr, on one each of Monel and stainless steel 446, and on SL'.: of stainless steel 347 (of which two were not run above 450° C). Several duplicate measurements were made on each speci-16 men at each furnace temperature, the average deviation from the mean being 0.03 cal g-t, or about 0.05 percent of the total heat measured. The different specimens of stainless steel 347 showed small differences that were systematic with temperature and averaged 0.25 percent of the measured heat. The corrected net heat values for the two specim~ns of 80 Ni-20 Cr, however, differed by approxImately 1.5 percent at each furnace temperature. As this difference is many times the precision of the measurements, it is attributed to differences in the two specimens. Relative to that at 0° C, the mean observed enthalpy at each furnace temperature, corrected as described above but unsmoothed, is given for each alloy in table 2. The mean values for the two specimens of 80 Ni-20 Cr are listed separately because of their considerable differences. In the last two columns are given (in calories pel' OTam of alloy) the major corrections that were mad~ to the values for stainless steel 446. The corresponding corrections for the other three alloys were very similar in magnitude.
The following equations, derived from the values of table 2, represent the relationship between enthalpy (in cal g-I) and temperature (in deg C). The average departure of the observed values from these equations is about 0.02 cal g-I (less than 0.1 percent) . The equations for 80 Ni-20 Cr were derived from the mean values observed with the two specimens. o N i-20 Or : (1) II l-H o= -6.83 + 0 .16178t -]2 3,000 (1 0-0.00781) (600° to 900° 0 ) . (7) Differ en tiation of th ese equ a tions leads to the following equ ations for t he specific hea t (in cal g -I deg 0 -1 ) : 80 N i-20 Or: (9) JJonel:
Op= 0 .1010 + 4 .40 t (0° to 300° 0 ). Specific-h ea t valu es calculated for even temper atures from eq (8 to 14) are listed in table 3. The specific heats of the four alloys are shown gr aphically in figures 1 to 4. The lines represent the smooth values given by eq (8 to 14), and the poin ts correspond to the unsmoothed correc ted values calcula ted for short temper ature intervals from pairs of successive values given in table 2.
The represen tation of the specific h eat of 80 N i-20 Or b.y str aigh t lines in figure 1 is convenien t and . Specific heat of stainless steel .4-) 6.
Discussion
The following is a comparison of the specific-hea t values (in cal g -l deg C -l) obtained in the present work with those given in reference [3] . A value of 0 .107 given for 80 Ni-20 Cr [3, p. 1060], presumably near room temperature, is th e same as that given for 50° C in table 3. For stainless steel 347, the average between 0° and 100° C is given as 0.120 [3 , p. 566] ; the present work gives a corresponding value 5 percen t lower. For wrought stainless steel 446, 0.144 at 100° C is listed [3, p. 555] ; the corresponding value of this paper for stainless steel 446 is about 20 percent lower. A value of 0.127 at 1,260° C is listed for standard Monel [3 , p. 1049], but is not n ecessarily in disagreem ent with th e present results, which extend up to only 300 0 C. Compared with a value for Monel of 0.0997 at 20° C, obtained with an adiabatic calorimeter [4] , the present resul t is 2 percent higher.
A comparison of th e specific heat found for stainless steel 347 with corresponding values measured at the National Physical Laboratory (London) [5] for a stainless steel of somewhat similar composition (8 .14 percent of nickel, 19.11 percent of chromium, 0.37 percent of manganese, 0.68 percent of silicon, 0.08 percent of carbon, and 0.60 percent of tungsten) may be significant. The specific heats of the latter steel recorded in table 4 are th e average values found for successive 50-deg intervals whose m ean temperatures were those listed. The va lues given for stainless steel 347 were calculated from eq (12) . Though th e regularity in variation with temperature indicates th e absence of a transltlOn in the case of stainless steel 347, the specific heat of the other steel shows, between 550 0 and 600 0 C, a small anomalous rise that is ordinHl'ih~ attributed to some sort of transition.
The pi'esent investigation shows, over a temperature region above 500 0 C, a very marked increase in the specific heat of the particular sample of stainless steel 446 investigated. Though the details of this transition may depend somewhat critically on the exact chemical composition of the sample, it appears t hat the effect observed is to be associated with the magnetic~transformation point at approximately 600 0 C that has been reported for iron-chromium alloys of this composition [6] .
Several investigators have found an anomalous behavior in a number of physical properties of 80 Ni-20 Cr in the temperature region jusL below and above 600 0 C. An abnormal change with temperature of the thermal expansion from 500 0 to 600 0 C was found [7] , and a marked increase in the specific heat as lhe temperature rises above 500 0 C has been reported by others [8] . Recent measurements have been made of the specific electrical r esistivity and specific heat of this alloy over Lhe temperature range from 400 0 to 760 0 C [9] . The e meas urements show, with increasing temperature, a decrease of electrical resistivity and an anomalous increase in s pecific heat, tentatively explained by assuming that the alloy contained regions of very-short-range order whose number or size decreases as the temperature increases. The data indicated furthermore that the specific heat was somewhat less after the alloy had been quenched from 1,000 0 C than after it had been heated at 500 0 C and then cooled slowly.
The discontinuity in the specific heat of 80 Ni-20 Cr neal' 600 0 C shown in figure 1 represents a behavior not encountered in most transiLions. As the temperature rises , the specific heat rather abruptly shifts to a higher, parallel line. Within the accuracy of the measurements, all the heat absorbed by the alloy is represen ted by the area und er the c urves. Since a " hump " such as that often found in the specific- heat curve of a substance in its transition region is missing, Lhere is no heaL of transition. In addition, more recent unpublished results obtained at the Bureau, which are considerably more precise than those on 80 Ni -20 Cr, unmistakably show similar behavior. These recent values are for two alloy manufactUl'ecl under the trade name In conel (approximately 8 percent of iron, 76 percent of nickel, 15 percent of chromium, and 0.05 percent of carbon) , in which the amounts of the two major constituenls are not greatly different from the amounts in 80 Ni-20 Cr.
The behavior of these alloys may be analogolls to that of cobalt. On the basis of enthalpy measurements by a number of investigators, Kelley [10] gave the heat of its transition near 400 0 C as zero. This seem s plausible, because according to X-ray analysis the transition is from a close-packed-hexagonal to a face-centered-cubic phase [ll] , a process that involves no change in atomic coordination number and only a slight change in the interatomic distance. It h as similarly been found Lhat the nickel-chromium alloys with less than 45 p er cent of clu'omium have a facecentered-cubic structure (presumably at room temperature ) [12] , and an explanation similar to that suggested for cobalt may hold in the case of 80 Ni-20 Cr.
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